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1. Dynamic Density Functional Theory Framework 
DDFT proposes the following evolution equation for ion species, :1-3 
  (S1) 
The chemical potential in Eq. (S1) is calculated by the functional derivative of the 
Helmholtz free energy, . In this work, chemical potential is written as a 
sum of four contributions: the ideal part, the hard-sphere (or excluded volume) part, 
electrostatic correlation, and direct Coulomb interaction 
  (S2) 
with the corresponding expression for the Helmholtz free energy. 4-5 
  (S3) 
Noted that since Eq. (S1) only involves the gradient of the chemical potential, any 
constant contribution to the chemical potential has no effects on the time evolution of the 
density profiles.  
The first term in Eq. (S3) has the usual ideal-gas form 
 , (S4) 
where  with Boltzmann constant  and temperature, , and  is the effective 
thermal wavelength of species, which has no consequence on the dynamics or thermodynamics 
of the system. 
The second term in Eq. (S3) is evaluated by the modification of fundamental measure 
theory proposed by Rosenfeld.6-7 According to the modified fundamental measure given by Yu 
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 , (S5) 
where  is the reduced excess Helmholtz energy density as a functional of only the six 
weighted densities, , =0, 1, 2, 3, , .9 
  (S6) 
The six weighted densities are related to the corresponding weight functions, . 
  (S7) 
The weight functions  in Eq. (S7) describe the geometry of a hard sphere by two 
scalar functions in terms of the volume and the surface area 
  (S8) 
  (S9) 
  (S10) 
Three remaining weight functions are  
  (S11) 
  (S12) 
  (S13) 
In Eqs. (S8)-(S13),  is the diameter of hard sphere,  is the Heaviside step 
function, and  is the Dirac delta function. In particular, for slit pore, the weighted 
densities from Eq. (S7) are 
  (S14) 
  (S15) 
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  (S16) 
  (S17) 
  (S18) 
  (S19) 
The third term in Eq. (S3) term owing to the electrostatic correlation can be calculated 
through a quadratic functional Taylor expansion with respect to the bulk system.9-10 
 . (S20) 
Here, the two direct correlation functions (DCFs) are expressed as  
  (S21) 
  (S22) 
The first-order DCF in Eq. (S21) is a set of bulk excess chemical potential due to the 
electrostatic correlation in the bulk system. Since it is evaluated at the uniform bulk condition, 
there is no spatial dependence, so it will only add an inconsequential constant to the chemical 
potential. The second-order DCF in Eq. (S22) is  
 , (S23) 
where  represents the DCF due to direct coulomb interaction,  is 
the DCF owing to hard-sphere repulsion; and  is two-body DCF. The two-body DCF 
can be obtained from the mean-spherical approximation (MSA).11-13  
For ,  
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 , (S24) 
and for , 
  (S25) 
where  is the Bjerrum length, and the parameters , and  are defined as  
 , (S26) 
 . (S27) 
Then  can be solved from the following equations:  
 , (S28) 
where  is defined as 
 , (S29) 
Combining Eq. (S28) and (S29), we have  
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 . (S30) 
The last term in Eq. (S3) due to the direct Coulomb interaction is 
 , (S31) 
where  stands for the electrostatic potential, and satisfies the Poisson equation. 
 
2. Numerical scheme for solving the DDFT equation 
Assuming , , and taking  as a constant, the DDFT 
Eq. (S1) is 
  (S32) 
The right-hand side of Eq. (S32) is discretized by using the central difference method, i.e., 
(S33) 
Here, the subscript  stands for the grid number in the z direction, and ranges from  
= 1 to  = with a grid space  = 0.02. Because the outflow of ion flux is equal to 
the inflow of ion flux, at the electrode-electrolyte interface (i.e., = 1 and  = ), two 
boundary conditions are applied, i.e.,  and . 
We denote the right-hand side of Eq. (S33) as . Initializing with the bulk 
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with the Adams-Moulton (AM) algorithm to accelerate the convergence.  
For , a second-order AM algorithm is applied, i.e., 
 , (S34) 
For , a fourth-order AM algorithm is applied, i.e., 
 , (S35) 
where  is an intermediate local density, and is calculated by using Picard iteration 
with a relaxation factor,  = 0.4. 
  (S36) 
Then, the new local density at the time  is predicted by the AB algorithm, where 
. 
For , a second-order AB algorithm is applied, i.e., 
  (S37) 
For , a fourth-order AB algorithm is applied, i.e., 
  (S38) 
3. Density distribution of ions and local electrostatic potential 
Figure S1 shows the density distribution of ions in confined space as a function of 
separation. 
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Figure S1. Density distribution of cations (red) and anions (blue) at = 0.30. The surface 
potential difference is (a) = 0.02V, (b) = 0.20V, and (c) = 1.00V. Five reduced 
cathode-anode separations of = 1.5, 2.0, 3.0, 4.0, and 5.0 are considered. 
 
Figure S2 shows the local electrostatic potential corresponding to the density distributions 
shown in Fig. S1. 
 
Figure S2. Local electrostatic potential at = 0.30. The surface potential difference is (a) 











of = 1.5, 2.0, 3.0, 4.0, and 5.0 are considered. 
 
4. Comparison with Experiments 
Currently there are no experiments on supercapacitors with nanoscale cathode-anode 
separations, so direct validation of our theoretical results is not possible at this time. The 
following comparisons with two experiments14-15 using 1-ethyl-3-methylimidazolium (EMIM)-
based ionic liquid (IL) are meant to show that our theoretical predictions capture the capacitance 
maximum at intermediate concentrations observed in the experiments and that the magnitudes 
of the capacitance are also consistent with those in the experiments. The static dielectric 
constant is close to our parameter, = 12.5.16 
Figure S3 (a) shws the predicted differential capacitance  in comparison with the 
experimentally measured  in the same unit (F.m-2). In the theoretical calculation, two 
cathode-anode separations (i.e., 1.7 nm and 4.25 nm) and a fixed cell voltage 1.0 V are 
considered. In the experiment,14 three orgainic solvents (i.e., 1,2-dichloroethane (DCE), 
acetonitrile (AN) and propylene carbonate (PC)) were used to dilute the neat IL EMIM-TFSi 
(3.85 M).  in the experimet was defined as the minimum value of the differential 
capacitance at different cell potentials. Although the comparison is not at the same potential, 
the important observation here is that both the location and the peak value of the capacitance 
curves between the experiment and our theoretical prediction are of the same oder of magnitude. 
In Figure S3 (b), we show the calculated differential capacitance  (F.m-2) compared 











solvent at an applied potential difference of 3.4 V.15 Again, both theorectial calculation and 
experimental result exhibit a maximum at some intermediate ion concentration. In the theretical 
calculation, this ion concentration is dependent on the cathode-anode separation in the 
theorectial calculation, i.e., 2.16 M for 1.7 nm and 4.33 M for 4.25 nm. The latter one is closer 
to the experimental result, ~4.0 M. The experimental capcitance shows a further increase at a 
high ion concenrtaion (6.5 M), whose origin is not clear. The exact coversion factor from 
specific mass capacitance to specific area capacitance in the experiment was not given, but is 
on the order of 300-700 (m2/g),15 resulting in a specific area capacitance on the order of 0.2-0.5 
(F.m-2) which is the same order of magnitude as our predicted capacitance range. 
These comparisons demonstrate that our theoretical model can capture the qulitative 
features in experimentally mesured capacitance curves and our predicted capacitance values are 
on the same order of magnitude as the experimental measurements. This suggests that the 
theoretical tool presented in this work can be used effectively to study the properties and help 
the design of supercapacitors with nanoscale electrode separations. 
 
Figure S3. Predicted capacitance in comparison with (a) the area capacitance  (F.m-2) and 






taken from Ref. 14, with permission (Copyright 2015 American Chemical Society). The 
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